This paper proposes new algorithms based on proposed ranking methods using centroid for finding an optimum solution of fuzzy cost based fuzzy assignment problem. The fuzzy cost which is involved in the fuzzy assignment problems is measured as generalized trapezoidal fuzzy number. The proposed algorithms which are developed from classical crisp algorithms based on LPP and Hungarian method are easy to calculate the optimal fuzzy cost in uncertain real life situations. Finally, the numerical example is given for illustrating the capability of the proposed algorithms for finding the optimum solution.
Introduction
The assignment problem is a special type of transportation problem and also a linear programming problem. It is the well known optimization problem and is widely applied in both manufacturing and service systems. The two components of assignment problem are the assignments which refer underlying combinatorial structure and the objective function which refers the desires to be optimized. The main objective of this is to find an optimal assignment to a given number of persons to equal number of jobs on one to one basis in such way to minimize total cost of performing all jobs or to maximize the total profit.
All the models and algorithms developed to find the optimal solution of transportation problems are applicable to assignment problems in the deterministic environment. One of the first such algorithms was the Hungarian algorithm, developed and published in 1955 by Harold Kuhn [1] and it is reviewed by James Munkres in 1957 [3] . Over the past years; many variations of the classical assignment problems have been proposed. Though, in an uncertain environment, classical assignment problems could not be successfully applied for real life problems. So the concept of fuzzy sets was introduced by Zadeh in 1965 to deal with imprecision and vagueness. In recent years, many researchers began to investigate the Fuzzy Assignment Problem. In the fuzzy assignment problem, all the parameters are considered as fuzzy numbers.
Mostly fuzzy assignment problems are solved with the help of fuzzy ranking methods based on classical procedures under uncertainty [6, 10, 11, 13] . Fuzzy ranking method for ranking of fuzzy numbers is an important procedure in many applications of fuzzy optimization techniques. From the beginning itself many authors are involved in ranking of fuzzy numbers, but most of the methods are based on centroid. In 1976, first method was introduced by Jain [2] , then a large number of methods have been developing by many authors. Recently, Hair Ganesh and Phani Bushan Rao et. al. have introduced a method for ranking of generalized trapezoidal fuzzy numbers based on centroid using radious of gyration and various centres of triangle [4, [7] [8] [9] 12] .
In this work we have proposed methods for ranking of generalized trapezoidal fuzzy numbers based on centroid of incentres. But the ultimate aim of this work is the utilization of the proposed methods of ranking of generalized trapezoidal fuzzy numbers for finding the optimum solution of Assignment Problem.
Preliminaries
This section summarizes some basic definitions and operations of fuzzy numbers. Definition 2.1. A fuzzy number is a fuzzy subset defined on the universal real number setR, with the membership function µÃ(x) if it satisfying the properties given below:
1.Ã is convex 2.Ã is normal, i.e., there is a x 0 ∈Ã such that µÃ(x 0 ) = 1 3. µÃ(x) is a piecewise continuous in its domain. 4.Ã is convex, i.e., µÃ(λ
If the fuzzy number has a trapezoidal shape with four vertices (a, b, c, d) and it is depicted graphically as in Fig. 1 , then the fuzzy numberÃ = (a, b, c, d) is called a trapezoidal fuzzy number. Theoretically it possesses membership function given below. ). The gravity point of any plane figure is centroid, so that the centroid of a trapezoid might be considered as the balancing point of the trapezoid (Fig. 1 ). Divide the trapezoid into three triangles. These three triangles are APB, CQD and ADC. The centroid of incenters of these three triangles is taken as the point of reference to define the ranking of generalized trapezoidal fuzzy numbers. The reason The incenters of the three triangles are
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The point IC 3 does not lie in the line IC 1 IC 2 . Therefore, IC 1 , IC 2 and IC 3 are non collinear and they could form a triangle. The centroid of incenters IC 1 , IC 2 and IC 3 of the generalized trapezoidal fuzzy number A = (a, b, c, d; w) is defined as
The centroid of incenters for the triangular fuzzy number A = (a, b, c; w), i.e., c = b as a special case is given by
The index of optimism associated with the ranking which represents the degree of optimism of a decision maker is defined as
for a generalized trapezoidal fuzzy numberÃ = (a, b, c, d; w) with centroid of incenters CIÃ(x 0 ,ȳ 0 ). We will have a pessimistic decision maker's view point when α = 0 and which is equal to the distance of centroid of incenters from y-axis. We will have an optimistic decision maker's view point when α = 1 and which is equal to the distance of centroid of incenters from x-axis and we will have a moderate decision maker's view point when α = 0.5 and which is equal to the mean of distances of centroid of incenters from x and y axes. This method uses an index of modality that represents the neutrality of decision maker. 
Mathematical Formulation of the Fuzzy Assignment Problem
Consider the fuzzy problems of assignment of n resources (workers) to n activities (jobs) so as to minimize the overall fuzzy cost or fuzzy time in such a way that each resource can associate with one and only one job. The fuzzy cost matrix (c i j ) is given as under:
This fuzzy cost matrix is same as that of fuzzy transportation problem except that availability at each of the resources and the requirement at each of the destinations is unity. Let x i j denote the assignment of ith resource of jth activity, such that
Then the mathematical formulation of the fuzzy assignment problem is
subject to the constraints:
x i j = 1; x i j = 0 or 1 for all i = 1, 2, . . . , n and j = 1, 2, . . . , n
Proposed Algorithms for finding optimum solution of Assignment Problem based on proposed ranking indices
Algorithm 5.1
Step 1: First the given cost matrix for a Fuzzy Assignment Problem to be checked whether it is a balanced or unbalanced. If it is unbalanced one, then the problem to be changed as a balanced one by adding the dummy row(s) / column(s) with zero entries. If it a balanced assignment problem then step 2 to be executed.
Step 2: The fuzzy cost matrix to be defuzzified by using the proposed ranking method.
Step 3: Hungarian Algorithm to be applied to assign each machine to only one job and each job requires only one machine so as to minimize the total assignment cost.
Algorithm 5.2
Step 1: In the above mathematical form of fuzzy assignment problem, the fuzzy cost coefficients to be defuzzified into the following crisp ones by the proposed ranking method
x i j = 1 and n ∑ j=1
Step 2: The crisp assignment problem (5.1) to be solved by any of the conventional methods like simplex method etc.
Step 3: The optimum solution obtained from step 2 would assign each machine to only one job and each job requires only one machine so as to minimize the total assignment cost.
Numerical Example
A company wishes to assign 4 jobs to 4 machines in such a way that each job is assigned to some machine and no machine works on more than one job. The cost of assigning jobs i to machine j is given by the following matrix: The given trapezoidal fuzzy matrix is a balance one, so it can be solved by Hungarian Algorithm by converting it into crisp matrix using the proposed ranking techniques.
By using Definition 3.1 for fuzzy ranking technique, the given trapezoidal fuzzy matrices for pessimistic, moderate and optimistic decision maker's (α = 0, 0.5 and 1) become The above fuzzy mathematical programming problem becomes the following crisp mathematical programming problems by our ranking methods based on proposed centroid of trapezoidal fuzzy number.
By the Definition 3.1, we have the crisp linear programming problems for α = 0, 0.5, 1 as follows: The crisp LPP for α = 0 is Minimize Z = 17.3328x 11 + 25.5000x 12 The conventional assignment problem in the above form of LPP is solved with the help of TORA software. We get the solution with optimal objective value are as follows: Now, by using Definition 3.1 for α = 0 and by using Definition 3.2, we have the crisp optimal total costs Z = 59.0000 and Z = 59.0021. The above optimal objective value represents the optimal total cost. Moreover, the optimal assignment is A → 3, B → 1, C → 2, D → 4.
The crisp LPP for α = 0.5 is Minimize Z = 8.9163x 11 The conventional assignment problem in the above form of LPP is solved with the help of TORA software. We get the solution with optimal objective value are as follows:
x 13 = x 21 = x 32 = x 44 = 1, Now, by using Definition 3.1 for α = 0 and by using Definition 3.2, we have the crisp optimal total costs Z = 59.0000 and Z = 59.0021. The above optimal objective value represents the optimal total cost. Moreover, the optimal assignment is
The crisp LPP for α = 1 is Minimize Z = 0.4999x 11 + 0.4884x 12 The conventional assignment problem in the above form of LPP is solved with the help of TORA software. We get the solution with optimal objective value are as follows: The conventional assignment problem in the above form of LPP is solved with the help of TORA software. We get the solution with optimal objective value are as follows: Now, by using Definition 3.1 for α = 0 and by using Definition 3.2, we have the crisp optimal total costs Z = 59.0000 and Z = 59.0021. The above optimal objective value represents the optimal total cost. Moreover, the optimal assignment is A → 3, B → 1, C → 2, D → 4.
The solutions obtained from the two proposed algorithms based on Definitions 3.1 and 3.2 are summarized in Table 1 .
Conclusion
In this paper, we have introduced two algorithms which have been converted from crisp techniques based on proposed ranking methods using centroid of incenters. In order to analyze the proposed algorithms based on new ranking indices, a numerical example has been given to find its optimum solution using the proposed algorithms. Subsequently, the different optimum solutions and its allocations have been arrived based on proposed distance based ranking index and the index of modality. From these solutions, we can observe that the optimum allocations of pessimistic and moderate decision makers' view point provide a minimum total cost rather than the total cost calculated from optimum allocations of optimistic view point. Moreover, in calculating crisp total cost, first minimum cost 59.0000 is given by pessimistic view point index and the next minimum cost 59.0021 is given by distance based ranking index. Finally, the pessimistic view point index gives an acceptable minimum total cost of Rs. 59 than the total cost 59.0021 calculated by the distance based index which may be considered as a view point of decision makers whether they are optimistic (α = 1), neutral (α = 0.5) or pessimistic (α = 0).
